Abstract: Microbial degradation has been considered as a rapid, green, and cost-effective technique to reduce insecticide pollutions in a contaminated environment. However, the instability and low efficacy of non-indigenous microorganisms hampers their further exploitation when being introduced into a real environmental matrix. In order to overcome the restriction that these functional microorganisms are under, we investigated the optimal conditions to improve the pyrethroid-degrading ability of one previously isolated bacterium Bacillus cereus BCC01, where 9.6% of the culture suspension (with cell density adjusted to OD 600 = 0.6) was inoculated into 50 mL media and cultivated at pH 8 and 30 • C, and its metabolic pathway was illuminated by analyzing the main metabolites via gas chromatography mass spectrometry (GC-MS). Most importantly, a key pyrethroid-hydrolyzing carboxylesterase gene estA was identified from the genomic library of strain BCC01, and then expressed in Escherichia coli BL21 (DE3). After purification, the recombinant protein EstA remained soluble, displaying high degrading activity against different pyrethroids and favorable stability over a wide range of temperatures (from 15 • C to 50 • C) and pH values (6.5-9). Therefore, the EstA-associated biodegradation of pyrethroids was determined, which could provide novel insights to facilitate the practical application of B. cereus BCC01 in the microbial detoxification of pyrethroid contamination.
Introduction
Pyrethroids are a class of synthetic insecticides, their chemical structure mimicked from the natural pyrethrin in Dendranthema plants, consisting of acid and alcohol moieties with an ester bond [1] . It is well-documented that pyrethroids can affect the function of voltage-gated sodium channels by inducing repetitive discharge via prolonged sodium currents [2, 3] , which are critical for electrical
Optimal Conditions for Beta-Cypermethrin Biodegradation by Strain BCC01
As reported, BCC01 experienced the lag, exponential, and stationary phases sequentially within 48 h [22] , and the inoculum was cultivated overnight until its optical density (OD) value at 600 nm (OD 600 ) reached to 0.6 (diluted to 10 times when measured). Then the culture suspension was transferred into liquid LB media. After four days of cultivation, 85% of the added pesticide (initially at 50 mg/L) was degraded, which suggested the residual beta-cypermethrin was gradually reduced with the growth of bacteria. To facilitate the process of degradation, optimal conditions for beta-cypermethrin degradation by BCC01 were determined using the response surface method (RSM) based on central composite rotatable design (CCRD), as previously described [23] . Biodegradation may be affected by various conditions, so three parameters that seemed the most probable influencers were selected to investigate the optimal growth conditions for BCC01, including pH, temperature, and inoculum volume. The levels of the three independent variables were designed and listed in a Box-Behnken matrix (Table 1) , in which X 1 , X 2 and X 3 represented pH, temperature, and inoculum volume (v/v), respectively. X 1 refers to pH: −1 (6) , 0 (7.5), +1 (9); X 1 refers to temperature: −1 (25 • C), 0 (30 • C), +1 (35 • C); X 3 refers to inoculum: −1 (Inoculum (%) (v/v) = 5), 0 (Inoculum (%) (v/v) = 10), +1 (Inoculum (%) (v/v) = 15). Coded levels (at −1, 0 and 1) were used for software model while uncoded levels were the experimental values. For each parameter, coded numbers represented different values. For the measurement of degrading ability, the degradation percentage (%) of beta-cypermethrin (at initial 100 mg/L) was analyzed according to different parameter combinations, and each treatment was repeated three times. Furthermore, degradation percentage (%) from the designed matrix was employed for regression analyses. The variable values were calculated using the following equation:
where x i is the dimensionless value of an independent variable, X i is the real value of an independent variable, X 0 is the real value of an independent variable at the center point, and ∆X i is the step change in the real value of the variable i corresponding to variation by a unit of the three independent variables ( Table 1 ). The analyses were conducted as previously described [24] . Response surface regression was used to analyze the effects on degradation, using Statistical Analysis System (SAS, version 9.0, SAS Institute Inc., Cary, NC, USA) software and the following:
where Y i represented the predicted response, X i and X j are the variables, b 0 is the constant, b i is the linear coefficient, b ij is the interaction coefficient, and b ii is the quadratic coefficient. Note: a refers to pH: −1 (6), 0 (7.5), +1 (9); b refers to temperature: −1 (25 • C), 0 (30 • C), +1 (35 • C); and c refers to
The data presented are means of three replicates with standard deviation, which is within 5% of the mean. Different letters indicate significant differences (p < 0.05, LSD test).
Growth of Strain BCC01 in Beta-Cypermethrin-Supplemented Media
An individual colony was cultivated in solid LB media without shaking. Inocula were prepared by inoculating an individual colony into 30 mL LB medium at 30 • C and 170 rpm on a rotary shaker. After overnight-cultivation, 9.6% (v/v 9.6% × 30 mL) of this suspension (inocula) was inoculated into 30 mL of LB media. Then the growth experiment was performed in LB liquid medium with or without beta-cypermethrin at 30 • C and 170 rpm on a rotary shaker. Samples (100 µL for one time) were collected periodically from the 30 mL culture suspensions to measure the OD 600, using a spectrophotometer (100 µL for one time) and to determine the beta-cypermethrin concentration by high-performance liquid chromatography (HPLC) at different intervals (3 mL for each interval), including cultivating after 20 h, 40 h, 60 h, 80 h, 100 h, and 120 h, respectively. And the experiment was performed in triplicate. The HPLC analysis was referred to the aforementioned process [25] . The samples were analyzed on an Agilent 1200 HPLC (Agilent, Santa Clara, CA, USA) equipped with a Kromasil C18 reversed phase column (5 µm × 4.6 mm × 250 mm). The mobile phase was methanol, acetonitrile, and water (v:v:v, 58:18:24) at 1 mL/min and 20 • C with 10 µL injection volume. The beta-cypermethrin was detected at a wavelength of 235 nm. Good linearity was obtained within beta-cypermethrin concentrations ranging from 5 to 100 mg/L. The limit of detection (LOD) was determined as the lowest concentration giving a response three times greater than the signal-to-noise (S/N) ratio. The limit of quantitation (LOQ) was estimated as 10 times of the S/N ratio [26] . The LOD and LOQ of beta-cypermethrin reached to 0.2 µg/mL and 0.7 µg/mL, respectively.
Identification of Metabolites and Degradation Pathway
The potential metabolic products formed during beta-cypermethrin biodegradation were analyzed by GC-MS. Culture filtrates were collected at different intervals while incubating strain BC001 in spiked pyrethroid, and filtrate extraction and clean-up procedures were conducted as previously reported [27] . Briefly, the liquid cultures were mixed with 2% NaCl and 0.5 mol/L HCl, and then 10 mL dichloromethane was added. The aqueous and organic phases were separated via centrifugation. The organic phase was evaporated to near dryness and the residue was dissolved in 10 mL methanol. Finally, the extracts were filtered through a 0.45 µm membrane filter and stored at 4 • C before examination. Intermediates were identified by using an HP-5 MS capillary column (30.0 m × 250 µm × 0.25 µm) with array detection from 30-500 nm (total scan). The operating conditions were as follows: the column was held at 90 • C for 2 min, ramped at 6 • C/min to 150 • C (first ramp), held at 150 • C for 10 min, ramped at 10 • C/min to 180 • C (second ramp), held at 180 • C for 3 min, and finally ramped at 20 • C/min to 260 • C (third ramp), then held at 260 • C for 10 min. The temperature for the transfer line was 280 • C, and the ionization energy was 70 eV. The injection volume was 1 µL without splitting at 250 • C. Helium was used as a carrier gas at a flow rate of 1.0 mL/min. The identification process was repeated three times to improve accuracy. Compounds were identified by comparison of the mass spectrum of each peak with those of authentic standards in a mass spectra library (NIST, 2010) and literature.
Genomic Library Construction and Screening
Genomic DNA extraction was conducted using a DNA-isolation kit from Takara Biomedical Technology Co., Ltd., Beijing, China, according to the manufacturer's instructions. To construct a size-fractionated genomic library, genomic DNA of BCC01 was partially digested with Sau3A I. DNA fragments from 1 to 10 kb were pooled and ligated into the pUC18 plasmid vector that had been previously digested with BamH-I. Recombinant plasmids were used to transform competent cells of E. coli DH5 by plating on Isopropyl-D-thiogalactoside/X-gal indicator plates containing 100 µg/mL ampicillin. The recombinants were screened by transferring all positive colony (white) onto MSM/LB (v:v, 9:1) agar plates with high concentration of beta-cypermethrin (at 500 mg/L) and ampicillin, as previous described [28, 29] . The colonies that survived the high concentration of beta-cypermethrin screening in the first round were transferred and cultivated in liquid LB culture media with 100 mg/L beta-cypermethrin and ampicillin to examine the degrading ability of beta-cypermethrin in a second screening. Finally, they were then transferred to LB liquid media and cultivated at 37 • C for 8 h.
Sequence Analysis
The target recombinant plasmid was extracted and then sequenced by Invitrogen Biotechnology Co., Ltd. (New York, CA, USA) by using M13 primers (M13F: TGTAAAACGACGGCCAGT, M13R: CAGGAAACAGCTATGACC) [30] . The open reading frame (ORF) of the identified gene was analyzed using the ORF Finder online tool at http://www.ncbi.nlm.nih.gov/gorf/gorf.html. The homology of nucleotide and protein sequence was detected using the BLAST program at NCBI (http://blast.ncbi. nlm.nih.gov/Blast.cgi). The ExPASy ProtParam Server was harnessed to analyze the amino acids and physical properties at http://web.expasy.org/protparam. To classify proteins, the Pfam database and the Conserved Domain Search Service (CD Search) were employed.
Expression and Purification of Esterase EstA
The complete ORF of the identified estA was amplified by PCR (Peltier Thermal Cycler, Bio-Rad, Hercules, CA, USA) using primers EstA-F (5 -GGGGTACCATGATGAAATTAGCATCTCC-3 , Kpn I (the restriction site is underlined) and EstA-R (5 -CCCTCGAGTTACCAATCTAGTTGCTCC-3 , Xho I restriction site was underlined) based on the estA sequence. The amplified product was digested with KpnI and XhoI and ligated into the KpnI and XhoI sites of pET32a (+), resulting in the recombinant plasmid pET32a-estA. The culture, induction, and harvest of recombinant E. coli BL21 (DE3) cells carrying pET32a-estA were performed according to the standard method [31] . The positive clone was identified by PCR, and after IPTG (1 mmol/L) was added, those positive colonies were inoculated overnight until its OD 600 reached 0.4-0.6. The culture suspensions were broken by sonic oscillator and examined by SDS-PAGE. After expression, the recombinant protein was purified using a Ni-Agarose His Kit (CWbiotech, Shanghai, China), according to the manufacturer's instructions. Briefly, the cultures were harvested by centrifugation and lysed with solution (10 mM imidazole, Appl. Sci. 2019, 9, 477 6 of 14 300 mM NaCl and 50 mM NaH 2 PO 4 ). The protein solution was washed and balance by binding buffer in the kit (20 mM NaH 2 PO 4 , 500 mM NaCl, pH 7.8) to make sure the sample adhered to the column completely after putting the filtered solution into the column. Then, a linear gradient concentration of imidazole was used to elute the recombinant protein adhered on the column, and then purified protein was dialyzed by Tris-HCL (pH = 7.4). His-tag was removed by incubating in Bovine Enterokinase overnight. The purified protein was analyzed via 1.5% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). Protein concentrations were measured using the Bradford method with standard bovine serum albumin (BSA) [32] .
Substrate Specificity Assay
Ten µL purified EstA and 0.5 mL PBS were added to 1.5 mL Eppendorf tubes. Beta-cypermethrin, cypermethrin, fenvalerate, deltamethrin, cyhalothrin, and permethrin were individually spiked in EstA solution at 20 mg/L (in PBS) and homogenized by using vortexes. All tubes were incubated in a 30 • C of water bath for 2 h, which was set as the optimal condition of esterase activity reported previously [33] . Then the residual pesticides were extracted by using acetonitrile and ultrasonic for 20 min. The residual substrates were quantified by HPLC as previously mentioned to indicate the substrate activity of EstA. Each measurement for each group was repeated three times.
Effects of Temperature and pH on Enzyme Activity
Beta-cypermethrin was spiked at 20 mg/L into 0.5 mL PBS with 10 µL purified EstA in 1. 
where A is the enzyme activity (U), m represents the concentration of beta-cypermethrin after treatment determined by HPLC (µg/L), V is the total reaction volume (L), T is the reaction time (min), and W is the enzyme volume (mL).
Statistical Analysis
Standard deviations were determined using the SAS software packages. The significance (p < 0.05) of differences was determined by one-or two-way analysis of variance (ANOVA) and evaluated by post-hoc comparison of means using the least significant difference test.
Results and Discussion

Optimization of Culture Conditions for Beta-Cypermethrin Degradation by Strain BCC01
The degrading abilities of B. cereus BCC01 under different culture conditions are presented in Table 1 . The data were analyzed using a response surface regression procedure as the following predicted quadratic polynomial equation:
where Y represents the predicted degradation percentage (%), and X 1 , X 2 and X 3 are the values for pH, temperature and inoculum volume, respectively. Further, the ANOVA results of the fitted model are shown in Table S2 , where the data suggested that pH (X 1 ) and inoculum volume (X 3 ) had a significant influence on beta-cypermethrin degradation activity, while the effect of temperature (X 2 ) was smaller.
To establish a reliable model for the CCRD experiment, only statistically significant factors (p < 0.05) were included in the model, that is, a first order effect (X 2 , X 3 ), and three interaction effects (X 1 X 2, X 2 X 2, X 2 X 3 ) were not significant (p > 0.05) and were removed from the model, so that the effects of inoculum volume and pH on biodegradation were found in a three-dimensional response surface with fixed temperature (the non-significant variable) at the coded "0" level (30 • C) (Figure 1) . The model predicted maximum biodegradation (99.4%) at the stationary point, where the optimum codes for X 1 and X 3 were 0.37143 and 0.07346. After being translated, the uncoded values were pH at 8 and inoculum volume at 9.6%. Therefore, the optimal conditions for beta-cypermethrin degradation by strain BCC01 were to be produced by inoculating 9.6% inocula at pH 8 at 30 • C. Applying the deduced parameters to the medium with beta-cypermethrin at an initial 100 mg/L, the biodegradation by strain BCC01 reached 99.6% after five days of incubation, which was consistent with the predicted degradation (99.4%), demonstrating a reliable model. Such a method to optimize the culture condition has been generally accepted and widely used in many studies [27, 34, 35] .
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Bacterial Growth and Degradation of Beta-Cypermethrin
The average recovery of fortified beta-cypermethrin in LB medium was 105.3% with 4.0% of relatively standard deviation (RSD), showing the HPLC method applied was acceptable to quantify the concentration of beta-cypermethrin for following experiments. After optimization, the bacterial growth was monitored by measuring the OD600 value of BCC01 in LB medium. In Figure 2 , BCC01 showed normal growth and entered the logarithmic phase after inoculation without an obvious lag phase. Its growth reached a stationary phase at 40 h after inoculation and began to decline after 70 h. In beta-cypermethrin spiked cultures, the growth of BCC01 was slightly slower at the beginning of incubation than it was in the pure LB medium (Figure 2A) . After a certain period of adjustment, the conditions could be recovered to be favorable enough for bacterial growth. By monitoring the growth of strain BCC01 and quantifying the residual beta-cypermethrin concentrations at different intervals, we found that the added pyrethroid was rapidly degraded within logarithmic phase. When the growth of BCC01 reached at the stationary period, the degradation of beta-cypermethrin slowed down ( Figure 2B ), suggesting the pyrethroid-degrading ability of BCC01 was closely related to the tendency of bacterial proliferation. 
The average recovery of fortified beta-cypermethrin in LB medium was 105.3% with 4.0% of relatively standard deviation (RSD), showing the HPLC method applied was acceptable to quantify the concentration of beta-cypermethrin for following experiments. After optimization, the bacterial growth was monitored by measuring the OD 600 value of BCC01 in LB medium. In Figure 2 , BCC01 showed normal growth and entered the logarithmic phase after inoculation without an obvious lag phase. Its growth reached a stationary phase at 40 h after inoculation and began to decline after 70 h. In beta-cypermethrin spiked cultures, the growth of BCC01 was slightly slower at the beginning of incubation than it was in the pure LB medium (Figure 2A) . After a certain period of adjustment, the conditions could be recovered to be favorable enough for bacterial growth. By monitoring the growth of strain BCC01 and quantifying the residual beta-cypermethrin concentrations at different intervals, we found that the added pyrethroid was rapidly degraded within logarithmic phase. When the growth of BCC01 reached at the stationary period, the degradation of beta-cypermethrin slowed down ( Figure 2B ), suggesting the pyrethroid-degrading ability of BCC01 was closely related to the tendency of bacterial proliferation. •, beta-cypermethrin control without bacteria; ▲, growth in 100 mg/L beta-cypermethrin; and ■, degradation of beta-cypermethrin with Bacillus cereus BCC01.
Metabolic Products during Degradation
The metabolic products of beta-cypermethrin in BCC01-involved degradation were detected by GC-MS. As shown in Figure S1 , six by-products were identified as α-hydroxy-3-phenoxybenzeneacetonitrile, 3-phenoxybenzaldehyde, methyl-3-phenoxybenzoate, 3,5-dihydroxybenzoic acid, 3,4-dihydroxybenzoic acid, and 3,5-dimethoxyphenol. After five days, the parent compound and its metabolites were hardly detected, showing that strain BCC01 decomposed beta-cypermethrin entirely into chemicals with simple structures. According to the metabolites obtained, a potential degradation pathway for the degradation of beta-cypermethrin by BCC01 was devised (Figure 3) . In it, α-hydroxy-3-phenoxy-benzeneacetonitrile and permethric acid were the first products to come through the cleavage of the ester linkage of beta-cypermethrin and spontaneously convert into 3-phenoxybenzaldehyde, which is consistent with a previous report [36] . Methyl-3-phenoxybenzoate was formed by the oxidation of 3-phenoxybenzaldehyde and then broken into 3,5-dihydroxybenzoic acid and 3,4-dihydroxybenzoic acid via the ester cleavage. Next, 3,5-dimethoxyphenol was produced as the result of group addition or substitution of 3,5-dihydroxybenzoic, which can be mineralized into CO2 and H2O. This degradation pathway was slightly different from that reported previously. The different degradation pathways of micro-organisms isolated under different conditions indicated that it is feasible to use micro-organisms from different conditions to degrade different insecticides, and the optimal cultivating condition could be illuminated as the method used in this study. •, beta-cypermethrin control without bacteria;
, growth in 100 mg/L beta-cypermethrin; and , degradation of beta-cypermethrin with Bacillus cereus BCC01.
The metabolic products of beta-cypermethrin in BCC01-involved degradation were detected by GC-MS. As shown in Figure S1 , six by-products were identified as α-hydroxy-3-phenoxy-benzeneacetonitrile, 3-phenoxybenzaldehyde, methyl-3-phenoxybenzoate, 3,5-dihydroxybenzoic acid, 3,4-dihydroxybenzoic acid, and 3,5-dimethoxyphenol. After five days, the parent compound and its metabolites were hardly detected, showing that strain BCC01 decomposed beta-cypermethrin entirely into chemicals with simple structures. According to the metabolites obtained, a potential degradation pathway for the degradation of beta-cypermethrin by BCC01 was devised (Figure 3) . In it, α-hydroxy-3-phenoxy-benzeneacetonitrile and permethric acid were the first products to come through the cleavage of the ester linkage of beta-cypermethrin and spontaneously convert into 3-phenoxybenzaldehyde, which is consistent with a previous report [36] . Methyl-3-phenoxybenzoate was formed by the oxidation of 3-phenoxybenzaldehyde and then broken into 3,5-dihydroxybenzoic acid and 3,4-dihydroxybenzoic acid via the ester cleavage. Next, 3,5-dimethoxyphenol was produced as the result of group addition or substitution of 3,5-dihydroxybenzoic, which can be mineralized into CO 2 and H 2 O. This degradation pathway was slightly different from that reported previously. The different degradation pathways of micro-organisms isolated under different conditions indicated that it is feasible to use micro-organisms from different conditions to degrade different insecticides, and the optimal cultivating condition could be illuminated as the method used in this study.
Construction of a Genomic Library and Screening of Degrading Genes
Pyrethroids are ester-containing compounds. As suggested by the degradation pathway, the cleavage of ester bonds by esterase is the major route of degradation [21] . The genomic library of B. cereus BCC01 was constructed using cloning vector pUC18, in which approximately 11,000 clones were generated. After two rounds of screening, one recombinant demonstrated high activity, such that 46.8% of the spiked beta-cypermethrin was efficiently degraded within five days of incubation, while only 9% was metabolized in the control, in line with a previous study [30] . The low yield of identification may be partly due to the limit of quality of the genomic library we constructed, the probable unrecognition of regulatory elements from unknown bacteria in E. coli, difficulties of expression in heterologous host or the formation of inclusion bodies and the toxicity of the expressed proteins to hosts [37] . Sequence analysis indicated that the inserted fragment was 1492 bp (accession number: MH588686), containing a 744 bp ORF, and showing a highly conserved domain (with 99% of similarity) to the reported gene estA encoding pyrethroid-hydrolyzing esterase from B. cereus E33L (accession no., CP009968.1). Therefore, the esterase gene that was screened out from this study was named estA. Subsequently, bioinformatics analysis indicated that the protein EstA was composed of 247 amino acids and its molecular mass was 28.2 kDa with pI at 5.2. It displayed as 45.3% α-helix, 15% β-sheet, and 39.7% random coil in its secondary structure ( Figure S2 ). The data further confirmed that there was a conversed domain of esterase/lipase. Compared with multiple esterase sequences, the Ser 94 of EstA was located in a highly conserved esterase peptide motif of Gly-X-Ser-X-Gly ( Figure  S3 ), forming a concave active center for the biodegradation of beta-cypermethrin, which is a typical feature of the esterase family [38, 39] . As reported previously, the carboxylesterase from Brevibacillus sp. strain KB2 and B. cereus strain PU was be able to degrade malathion, and the carboxylesterase gene was cloned [40, 41] , however, the ability of EstA to degrade pyrethroid pesticide was never reported. 
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Expression and Activity of Recombinant EstA
Recombinant EstA was highly expressed in E. coli BL21 (DE3) using pET-32a (+) with the induction of IPTG at different temperatures ( Figure 4A ). The fusion protein of BL21/pET-32a-estA cell showed a band at 45 kDa, including a 17 kDa label, which is in accordance with the molecular mass deduced previously from the amino acid sequence (28.2 kDa) ( Figure 4A ). The purified EstA protein exhibited a single band in SDS-PAGE analyses at the same mass of the pre-purified fusion protein shown in Figure 4B . The concentration of purified EstA was determined to be 243.6 mg/L by using the calibration of optical density and standard a BSA method (y = 0.0005x + 0.2182, calibrated in Figure S4 ).
Recombinant EstA was highly expressed in E. coli BL21 (DE3) using pET-32a (+) with the induction of IPTG at different temperatures ( Figure 4A ). The fusion protein of BL21/pET-32a-estA cell showed a band at 45 kDa, including a 17 kDa label, which is in accordance with the molecular mass deduced previously from the amino acid sequence (28.2 kDa) ( Figure 4A ). The purified EstA protein exhibited a single band in SDS-PAGE analyses at the same mass of the pre-purified fusion protein shown in Figure 4B . The concentration of purified EstA was determined to be 243.6 mg/L by using the calibration of optical density and standard a BSA method (y = 0.0005x + 0.2182, calibrated in Figure  S4 ). 
Degrading Ability of Purified EstA
To investigate the ability to degrade different pyrethroids, the substrate specificity of EstA was evaluated with six commonly used pyrethroids at an initial 20 mg/L. As shown in Figure 5 , after 2 h of reaction, the degradation of each compound reached to 40.5~100%, indicating that the purified EstA was a broad-spectrum pyrethroid-hydrolyzing enzyme. This may be because the most pyrethroid pesticides possess a similar ester bond in their molecular structure [21] . As pesticide residues are mixtures in the environment, a broad-spectrum pyrethroid-degrading enzyme would have boarder range in practical application. And as each enzyme has its optimal substrate, in this study, EstA showed the highest degrading ability to beta-cypermethrin, which was considered as 100% for its enzyme degrading activity and the activity of enzymatic degradation was 7.9 mg/min. The relative enzyme activity to degrade other pyrethroid was normalized to the highest degradation percentage (the activity to degrade beta-cypermethrin, in this case). Compared to a previous study, the enzyme activity in our case exhibited relatively higher activity compared with the enzyme isolated by Zhai et al (3.29 U for degrading 1 nmol beta-cypermethrin, in this case, and 123.34 U for degrading 1 nmol lambda-cyhalothrin, with U indicated as the enzyme dosage employed to degrade 
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Conclusions
We investigated the optimal conditions for pyrethroid degradation by strain BCC01. Additionally, a key pyrethroid-degrading gene estA was cloned and expressed in E. coli BL21 (DE3). The recombinant protein remained soluble, and the purified enzyme displayed broad substrate specificity, high enzyme activity, and favorable stability over a wide range of temperatures and pH values. All of the results provide better understanding of the microbial degradation of pyrethroids and enrich the resources for the future application.
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